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The role of theory in evaluation has been discussed in
several contexts. One context is theories about evaluation
and another context is theories about the "object" of
evaluation, e.g., educational reform. It is in this latter
context that Cook and Campbell (1979) and Lipsey (1994)
consider the role of theory in evaluation, in strengthening
causal interpretation in nonexperimental applied research.
Cook and Campbell separate out and explicitly identify the
issues of the construct validity of causes (treatments) as
well as effects. The idea of construct validity of the
treatment, the "black box" or treatment theory characterized
by Lipsey, is that the causal analysis is "...strengthened
by an explicit theory about the nature and details of the
change mechanism through which the cause of interest is
expected to produce the effect(s) of interest" (Lipsey,
1994, p.6).

Current educational reform efforts derive from changing
perspectives on teaching and learning. And, in many
educational research and evaluation efforts, the black box
is the classroom. In science and mathematics reforms,
perspectives on classroom processes and outcomes are stated
in the standards' documents of the National Council of
Teachers of Mathematics (1989, 1991, 1995) and of the
National Research Council (1996). These reform documents
draw on theories of knowledge construction and instruction
that can be broadly characterized as developmental and
apprenticeship in their orientation (Farnham-Diggory, 1994)
or constructivist, emergent and sociocultural (Cobb and
Yackel, in press). As a result, the documents propose
different roles for teachers and students, changes in
classroom interactions, different emphases in student
understandings in problem solving and inquiry processes, as
well as changes in the focus of subject matter.

As with theories about the object of evaluation (the reform
efforts), the role of theories or models of evaluation are
of concern. For example, evaluators are examining the
"Emerging roles of evaluation in science education reform"
(O'Sullivan, 1995), considering strategies for non-
traditional program evaluation (Frechtling, 1995), and
archiving case studies of mathematics and science teacher
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preparation (reform) projects (Stake, et al, 1993; Trumbull,
1993a, 1993b). Examples of other uses of evaluation models
in the science context are provided by Altschuld and Kumar
(1995). In mathematics, the extensive documentation and
assessment for the QUASAR project (e.g., Silver & Cai, 1993;
Stein & Lane, in press) provides an example of a reform-
based project with several suggestions for models of
evaluation (discussed further below).

Evaluators and researchers are also involved in evaluations
of major statewide and urban systemic reform efforts that
draw on these changed perspectives on teaching and learning
mathematics and science. In this instance, work on
opportunity to learn (OTL) indicators and school delivery
standards play a role in studies evaluating school and
system-wide change. Porter (1991) described a model of
school process indicators and their importance in monitoring
and understanding the relationship between student
performance and schools. He has also examined empirically
the relationship of classroom process variables to changes
in student opportunity to learn and achievement (Porter,
1993, 1995).

Evaluators of reform in mathematics and science are thus
concerned with both theories of teaching and learning and
theories or models for evaluation. In this paper we focus
on the 'black box' of the classroom, in particular the
classroom interactions of teachers and learners. First, we
identify alternative perspectives and methods for describing
and documenting teaching practice and student learning
relevant to classroom reforms. Second, we provide a
framework for characterizing these process-focused
instruments and indicators. Third, we use examples of
observation instruments and procedures to illustrate the
framework. Finally, we consider the diverse examples for
their implications for evaluation in support of reform.

Procedures and framework

A diverse set of descriptors were used to locate documents
describing instruments and procedures used to describe and
evaluate mathematics and science activities, programs,
instruction, teacher education and evaluation, teacher and
student discourse and interaction analysis, protocol
materials and urban programs. Documents were selected if
they emphasized: 1. a view of the student as an active
participant in the learning process--problem solving and
conducting scientific inquiries; 2. the teacher as
facilitator of student development in a particular subject
matter; and 3) teachers themselves actively developing and
reflecting on classroom practice. Key ideas also used. to
identify documents were: mathematical problem solving in
groups and hands-on science inquiry; communities, of
learners, shared agreements between teachers and students



about the nature of discourse on mathematical and scientific
problems, about evidence, explanation, and justification;
and an emphasis on communication about mathematical and
scientific ideas.

We selected a group of nine instruments and/or set of
procedures that represented different purposes for
collecting information on teacher-student interactions and
classroom processes. (The term "instrument" is used here as
a generic category for what was, frequently, a set of
procedures that included classroom observations or
indicators of classroom processes.) The instrument purposes
ranged from use in large-scale indicator studies, research,
evaluation, and teacher professional development.

A detailed framework was developed drawing on the work of
Porter and his colleagues for the Reform-up-Close Study
(Smithson and Porter, 1993), the National Council of
Mathematics standards documents (1989; 1991) and the
National Science Education Standards (1996). The framework
has the following major attributes:

I. Author's stated purpose
II. Subject matter
III. Classroom interactions
IV. Types of student knowledge/expected learning

outcome/cognitive processes
V. Teacher knowledge and beliefs related to teaching

and learning science/mathematics
VI. Methods and procedures

VII. Demographics collected

The framework is presented in Figure 1, Instruments and
procedures for observing and evaluating mathematics and
science reform classrooms: A framework for classification of
observations and indicators. The framework with the
detailed list of attributes is given in the Appendix. (See
also note 1.)

The classifications in Figure 1 are based on the information
provided in documents which varied in the level of
information they provided. The major sources for each of
the nine instruments is identified here by date and given in
full in the references:

QUASAR (QUASAR, 1992; personal communication on coding and
pattern analysis, Mary Kay Stein, March 15, 1996);

ESTEEM (Expert Science Teaching Educational Evaluation
Model, Burry-Stock, 1995);

Young (Classroom Observation Protocol, in Young, Brett,
Squires, & Lemire, 1995);



Authentic Pedagogy (School Restructuring Study, in Newmann,
Marks, & Gamoran, 1995);

A & A-T Artzt & Armour-Thomas (Phase-Dimension Framework for
Assessment of Mathematics Teaching, and Teacher Cognitions
Framework, in Artzt & Armour-Thomas, 1995);

Forman (Forman, Stein, Brown, & Larreamendy-Joerns, 1995);

Porter (Reform Up Close study, in Porter, 1993; Smithson &
Porter, 1993);

NAEP (National Assessment of Educational Progress, 1990,
1992);

CLAS (California Learning Assessment System, in Wiley &
Yoon, 1995).

Classification description

The nine instruments are identified as observations or
indicators. In general, observations means that there is an
independent observer(s) of classroom processes. Indicators
means that information is based on teacher self-reports of
classroom processes, subject matter, materials, goals and
objectives, and so on. Each of the attribute
classifications for the nine instruments are briefly
summarized below:

I. Author's stated purpose.

Five instruments are identified as developed in the context
of research studies (QUASAR, Authentic Pedagogy, Artzt &
Armour-Thomas, Forman and Porter). Two instruments are
developed specifically for use in observations as part of
teacher professional development (ESTEEM and A & A-T) and
two others are potentially useful for teacher professional
development (QUASAR and Forman). The three
indicator/opportunity to learn (OTL) instruments are Porter,
NAEP and CLAS. Two, CLAS and NAEP, have been used state-
wide or at state and national levels of data collection.
Young's Classroom Observation Protocol for inquiry-based
science teaching and learning is the only one specifically
identified for local evaluations.

Categories II.-V. attempt to encompass the specific
mathematics and science reform "visions" that may be the
focus of an instrument, that is, science as inquiry or
mathematics as problem solving. Pedagogical emphasis,
classroom interactions, and student expected learning
outcomes are attributes that these instruments, grounded to
varying degrees in theory, research, professional standards
and practice, are in the process of trying to define and
capture. We judged the extent to which these different
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attributes are identified and included in particular
instruments.

II. Subject matter.

Two observation instruments are specifically related to
science (ESTEEM and Young), and four encompass mathematics
(although Forman's discourse analysis can be done in science
classrooms as well). Two of the indicator instruments
(Porter and NAEP) are for both math and science; CLAS is for
mathematics.

All provided for observations or indicators of
activities and tasks, typically with some criteria. The
most detailed criteria were available for describing tasks
on the QUASAR project in terms of their mathematical
cognitive demands of students and then student engagement at
those levels. On the indicator instruments, teachers were
asked to report on freqency of types of activities or tasks.
A classification of pedagogical meaningfulness was entered
for most of the observation instruments.

III. Classroom interactions.

Several instruments focused on (A) classroom presentations-
representations (of concepts) that teachers used. For Porter
the type of representation (graphical, concrete, etc.) was
identified; for QUASAR the quality of the representation was
also identified, and observers described the advantages and
disadvantages of the representation. All instruments
included (B) instructional practice descriptions, at
variable levels of detail. A range of teacher centered and
student centered instructional practices were listed for the
indicator instruments (Porter, NAEP and CLAS). With three
exceptions, the indicators and observation instruments
provide for descriptions of student activities (C).

All of the observation instruments focus on (D), the
interpersonal level of analysis, emphasizing a student
centered-teacher facilitor pattern of interaction. Ratings
on this quality of interaction are not evident in the
indicator instruments. Similarly, another important
characteristic of reform classrooms is the quality of (E)

the discourse level of analysis (e.g., Cobb, Wood, & Yackel,
1993; Cobb & Yackel, in press; Cobb & Bauersfeld, 1995).
Both QUASAR and Forman (and Forman, 1996) provide examples
of discourse level analysis, with Forman using detailed
codings of discourse.

Several of the instruments also include observations of (F),
assessments (QUASAR, ESTEEM, Young), collect examples of
student performance on assessments (Authentic Pedagogy), or
ask teachers about assessment procedures (NAEP Mathematics).
The instruments were not consistent in the extent to which



there were provisions for categories (G) management and
administrative, instruction-related and (H) non-instruction,
administrative, off-task.

IV. Types of student knowledge/expected learning outcomes.

The list of expected student outcomes varies from (A) facts,
to (G) build and revise theory, develop proofs, build
arguments, explanations, pose questions, hypotheses. All of
the instruments included conceptual understanding; some
instruments (Young, and the three indicators) included
facts. The (A) facts and (C) basic procedures categories
provide opportunities to contrast with the higher levels of
cognitive outcomes. For some instruments (e.g., ESTEEM,
Young, A & A-T) it was not possible to be sure whether the
higher categories, (F) and (G), were included. There is a
lack of common language across the instruments, and also a
lack of examples to anchor many of the ratings on the
observations as well as the indicators. Further, it is not
clear whether teachers' interpretations of indicators would
be what the instrument developers intended.

Several instruments provide for focused observations of
students and evaluation of the quality of student
performance (see also VI., methods and procedures). In
particular, Authentic Pedagogy and QUASAR both included
evaluation of samples of student work on performance
assessment tasks independently of the observation process.

V. Teacher knowledge and beliefs.

In the first category (A), teacher knowledge of content and
pedagogical knowledge are specifically described or rated by
observers in QUASAR, ESTEEM, and Artzt and Armour-Thomas.
NAEP includes teacher self-ratings on extent of content
knowledge. The projects that examine teacher knowledge of
national and local reform documents/curricula are Porter (in
questions that ask about a range of influences on teaching)
and CLAS. In the second category (B), teacher beliefs
about reform and about teaching and learning are elicited in
those instruments which include teacher interviews about
their goals and aims for teaching and learning. These
include QUASAR, Artzt and Armour-Thomas, and Forman (using
QUASAR interviews).

VI. Methods and procedures.

This section examines the extent to which the instrument
incorporates (A) Sources of classroom data, (B)

Scoring/evaluation, and (C) Preparation/reporting. There is
a wide range of sources of classroom data. QUASAR
represents the most extensive documentation, with pre/post
observation teacher interviews, three videotaped
observations per teacher, classroom materials, observation
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of a target student, and student group interviews in
connection with the observed lesson. ESTEEM has a set of
instruments in connection with this professional development
program: pre- post-teacher observation interviews; a series
of observations over time (videotaped where possible);
teacher self-report questionnaires on classroom practices
and assessment practices; student outcome assessment rubric;
and student concept mapping rubric.

Young and Authentic Pedagogy used observers as raters, with
no videotaping. Both NAEP and CLAS used paper and pencil
teacher questionnaires. Porter studied several ways to
collect data, including teacher logs which were compared
with classroom observers' reports.

All nine instruments collect information on teachers, and
several included separate student information (QUASAR,
ESTEEM, Authentic Pedagogy, CLAS). NAEP also collects
student performance information (not examined here).

In (B) instruments were examined for scoring procedures and
evaluation. Procedures compared instruments as to whether
they used (1) detailed coding categories; (2) defined rating
scales (i.e., a brief description anchored several points on
the rating scale); or (3) holistic ratings (i.e., 1-5 rating
scale with a general standard or description). All of the
indicator instruments had detailed coding schemes, as did
QUASAR.

The evaluation category examined whether ratings/codes of
individuals were compared to one another (i.e., among
teachers, as with a distribution of 'scores'), were compared
against a standard, and/or whether patterns of ratings or
codings were examined. All of the observation instruments
held the ratings against standards rather than comparative
descriptions.

C. Preparation/reporting.

Evaluation instruments and procedures may "feedback" into
reform efforts by communicating goals and values. This
category examined, for example, whether teachers were
prepared for observations and knew about the purposes of the
observations. This was difficult to determine for many of
the instruments, with the exception of those intended for
teacher professional development. It appeared that any
instrument which required on-site observations or extensive
teacher participation (e.g., Porter) required detailed
directions and contact with teachers. Similarly, feedback
can occur through reporting to teachers or follow-up of
observations, etc. The only extensive reporting is done in
the context of instruments for teacher professional
development (Artzt & Armour-Thomas; ESTEEM). QUASAR has



also reported some observation information to teachers
(Stein & Smith, in press)

VII. Demographics collected.

Detailed information on schools, class characteristics, and
teacher background was described primarily for the indicator
studies of NAEP and Porter, as well as Authentic Pedagogy
(School Restructuring Study). Grade levels of each of the
studies/instruments are indicated also, with the majority of
instruments used at middle and high school levels.

The summaries above do not do justice to the efforts
involved in using several of the instruments in order to
describe the quality of the academic experience of students.
The two instruments for which this is key are QUASAR and
Authentic Pedagogy. The value of the QUASAR theory-guided
extensive documentation is that it permits re-entry to the
data base for researchers interested in other levels of
analysis (e.g., Forman et al., 1995; 1996). While it is not
practical except on large-scale, well-funded reform efforts,
it offers a model for case work even in local, small-scale
evaluations. Authentic Pedagogy focuses specifically on
evaluating the quality of classroom activities and student
performance assessments (Newmann, Secada & Wehlage, 1995).

Implications for evaluation to support reform

In many evaluations of reforms there is a need to provide
observations or indicators that can support the intended
direction of change or "vision" of teaching and learning
described in the mathematics and science standards. Thus, a
first goal was to identify examples of instruments that are
emerging to meet the challenge of describing and documenting
teaching practice and student learning that is related to
the reform visions for classrooms. A second goal was to
provide a framework that would assist in describing the
characteristics of such instruments. Based on the framework
that evolved, we have identified two broad implications or .

concerns for evaluation to support reform.

The first concern is to specifically examine evaluation
procedures for the feedback or communication provided to
teachers about reform efforts. The second concern is with
the potential effectiveness of evaluation to support reform.
Both of these concerns arise from the usefulness of the
formative role of evaluation to support reform and the
importance of using evaluation procedures that have meaning
to teacher participants as well as other stakeholders.

Evaluation procedures and feedback to teachers. With
respect to the first concern, the design of evaluation
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procedures to include reporting or feedback of observations
to support reform requires fidelity between the vision of
reform and the inferences and interpretations that are drawn
by participants. Thi's is particularly important for
teachers and others involved in teacher professional
development. Do these interpretations and any subsequent
uses support the desired classroom practices? or, are there
unintended (perhaps negative) consequences?

The instruments examined in Figure 1 illustrate the present
diversity in approaches intended to describe processes and
content in mathematics or science classrooms. The desire
for fidelity between reform vision, instrumentation, and
teacher interpretations suggests the importance of both
consistency and interpretability in level of description for
observations and indicators of "visions."

The observation instruments range from thorough
documentatibn, highly focused on tasks and processes as part
of a "vision," to instruments that provide a few ratings to
define a classroom, to the indicators that rely on teacher
interpretations of indicator statements. There is an
inconsistent use of language to define observations and
indicators over the set reviewed. As a result, evaluators
need to compare prospective instruments in detail and
consider their strengths and weaknesses for feedback and
formative reporting to teachers, as well as for other
intended uses.

The range in level of description suggests a need for
evaluators to conduct research on the interpretations and
uses teachers (and others) make based on evaluation data.
Some instruments may provide more direct or transparent
meanings and suggestions to teachers that support their
efforts to change practice (e.g., see Stein & Smith, in
press; Forman, 1995). Some instruments, particularly the
indicators, may need to be piloted with teachers identified
as expert and not-expert in the reform vision of classroom
teaching to see if distinguishing patterns of responses can
be identified. How do teachers interpret these indicator
statements in think-aloud protocols? How close are their
interpretations to classroom practice? In sum, to what
extent does an evaluation instrument(s) support teacher
reform efforts?

Potential effectiveness of evaluation to support reform.
There are implications for evaluation to support reform in
the various instruments we examined. These implications are
in the use of the professional development instruments as
models and in considering the development of alternative
processes and procedures for use with teacher participants.

The teacher professional development instruments examined
suggest that in some evaluations it might be feasible to use
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them for teachers who want to participate over time in
examining their own classroom practice. For evaluation
purposes, these teachers would agree to make selected
observations or videotapes available for independent
observers to review. Research on teachers and alternative
observation practices might inform evaluation procedures.
Particularly for smaller-scale evaluation projects, an
important criteria for evaluation procedures can be the
educational function (and thus reform-supporting function)
of the processes or procedures for participating teachers.

The context of the evaluation will have implications for
what "instruments" evaluators can use. Extensive
documentation on any substantial scale is costly, yet there
are resulting benefits in using the data (videotapes and
extensive observer notes) in multiple studies. For most
evaluations, extensive documentation is not possible, and
evaluators may combine several procedures with "light
sampling" in each (see, for example, Huetinck, Munshin, &
Murray-Ward, 1995). Research studies are needed to compare
evaluation methods. As one example, Porter (1993) compared
teacher logs and observer's records, finding substantial
agreements. Studies to examine the agreement between
observers and teacher logs focusing on specific processes
that teachers are changing (or content being learned) would
yield important information for evaluators. Building on
such research and existing procedures might indicate that
examples of extensive documentation for a few classrooms,
and use of logs, indicator questionnaires, and student
performance may be feasible alternatives to extensive
documentation on a wider sample.

In summary, the framework we used to examine this set of
instruments provides a stimulus to examine the role of
theory and reform visions in evaluation procedures. The
instruments and procedures we found suggest the need to re-
examine the role of procedures used in evaluations, as well
as their specific characteristics, for support of reforms in
classroom teaching and learning.

Notes

Paper presented as part of a symposium, "Evaluating
mathematics and science reform in school classrooms: The
role of theories in frameworks for evaluation" (Carol Kehr
Tittle, Chair) at the annual meeting of the American
Educational Research Association, New York, NY, April 1996.

1. Figure 1 does not include the detailed lists of
categories for several of the attributes. For example, the
subject matter lists of topics are not, provided here since
the majority of instruments did not include specific topics.
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Specific topics are typically recorded in observations, but
specific lists of topics were provided only on the
indicators instruments. Of these three, the most detailed
was the work of Porter and his colleagues, since the coding
was intended to include mathematics and science in grades 9-
12.
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APPENDIX

Classification framework: Instruments and procedures
for observing and evaluating mathematics and science

classroom interaction processes

I. Author's stated purposes for instrument/procedure
A. research
B. evaluation/indicators/OTL (local, state, national)
C. teacher professional development

II. Subject matter
A. science
1. science as inquiry
2. topics and domains

physical science, including chemistry and physics;
life science, earth and space science
general topics: science and technology, history and
nature of science, unifying concepts & processes

B. mathematics
1. mathematics as problem solving and understanding
2. topics and domains

estimation, number sense/theory/mathematical
structure & numeration, arithmetic operations,
geometry, measurement, statistics & probability,
fractions & decimals, algebra, functions,
trigonometry, discrete mathematics, calculus

C. activity/task criteria
Science:
central event/phenomenon in the natural world
central scientific idea and organizing principle
(explanatory power, fruitful, investigation,applies
to common everyday experiences, links to meaningful
learning experiences, developmentally appropriate
for diverse students--prior experiences, etc.)
Mathematics:
significant mathematics
developmentally appropriate(experience, interest,
diverse students, difficulty level, sequencing, and
motivational strategies

D. pedagogical meaningfulness
1. fosters mathematical/scientific understanding,

and communication
2. develops beliefs about mathematics/science as an

ongoing human activity
3. builds connections, interest, student curiosity,

and speculation
4. requires problem (question) formulation, problem

solving/gathering evidence, mathematical reasoning/
proposing scientific explanations, extended problem
exploration/scientific investigation



III. Classroom interactions
A. general content presentation/ representations
1. exposition-verbal & written
2. pictoral models
3. concrete models (e.g.,manipulatives)
4. equations/formulas (e.g., symbolic)
5. graphical
6. laboratory work
7. field work

B. instructional practice (description)
C. student activities (work sheets, presentations)

groups, pairs

D. interpersonal level analysis
1. student centered

student centered-teacher facilitator
2. teacher centered

setting up task and conditions
surveying answers
asking questions
summarizing

E. discourse level analysis
1. initiations -requests for answers; requests for

explanations
2. responses --state answer; state explanation
3. reconceptualization --restatement; expansion;

rephrasing; evaluation

F. assessment
G. management/administrative instruction-related
H. non-instructional/administrative/off-task category

IV Type of student knowledge/ expected learning outcome/
cognitive processes
A. facts (memorizing facts,definitions,equations)
B. conceptual understanding
C. procedures
1. collect data (e.g., observe, measure)
2. order, compare, estimate, approximate
3. perform procedures: execute algorithms/routine

procedures (including factoring), classsify
4. communicate understanding, use different

representations--symbolic, written, oral
D. solve routine problems (including word problems),

replicate experiments, replicate proofs
E. interpret data, recognize patterns and relationships
F. recognize, formulate, and solve novel problems/

design experiments
G. build and revise theory, develop proofs, build

arguments, explanations, pose questions,
conjecture, hypotheses



V. Teacher knowledge and beliefs related to teaching and
learning science/ mathematics
A. teacher knowledge
1. content --science or mathematics
2. content --pedagogical knowledge, e.g.,

representions (science and mathematical concepts)
3. reform documents

B. teacher beliefs/cognitions, reform-related

VI Methods and procedures
A. source of classroom data: print/materials, audio,

video, observation, pre/post interviews, logs,
portfolios, questionnaires, student products

1. teacher
2. student interview/questionnaire/tasks

B. scoring/evaluation
1. scoring procedures

1 defined coding scheme/ categories
2 defined ratings: brief description/rating scale
anchored and points "defined"

3 holistic, e.g., 1-5 scale, ends may be anchored
2. evaluation

compared with others vs. defined standard, and/or
pattern analysis

C. preparation/reporting:procedures/description
1. preparation: none-> at least some
2. report to teacher: none->elaborate (interpretive

reports, videotape of exemplars, etc.)

VII Demographics collected
A. school, class, teacher
B. grade level

N.B.Use of any framework/procedures requires an
understanding of the context within which teaching and
learning occur; might be provided by a description of the
context of the observation/evaluation including:

demographics: type of school; grade level; N students;
activity/task descriptions (running log)
(task, content, what students doing, what teacher is
doing, materials used, assessments,
context: teacher goals (teaching & learning)

References: This framework draws on the National Science
Education Standards (1994), NCTM standards 1989, 1991, and
Forman et al (1995); content categories from NSES (1994) &
NCTM (1989) & Smithson & Porter (1993)
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